Footprint analysis of M.Sssl and M.Hhal methyltransferases reveals extensive interactions with the substrate DNA backbone.
The interactions of the CpG methyltransferases M.Sssl and M.Hhal (GCGC) with substrate DNA were investigated using three different footprinting techniques. The two structurally related enzymes displayed similar specific and non-specific contacts with DNA while bound to their target sequences. DNase I footprinting implicated a region of 18 to 21 base-pairs with which these enzymes interact. Dimethylsulfate protection experiments mostly revealed specific base interactions; each enzyme was shown to interact predominantly with bases at its recognition site in the major groove. However, hydroxyl radical footprints demonstrated extensive interactions with the sugar-phosphate backbone on both strands of the DNA substrate. Both enzymes protected a 16 nucleotide region, in a staggered fashion, covering 9 to 10 nucleotides on each strand. The protected regions, extending for almost a full turn of DNA on each strand, were offset by 6 to 7 nucleotides in the 5' direction, placing both regions on the same face of the double helix, bracketing the major groove. The results suggest that these methyltransferases straddle the major groove from the backbone, but protrude into the groove only to specifically interact with their recognition sites. The sequence-independent interactions observed on the sugar-phosphate backbone may explain the ability of the enzymes to recognize a small sequence, as well as their processive mode of action.